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Abstract 
This study aimed to investigate students’ learning achievement and retention of organic chemistry by using seven inquiry-based 
Semi-Small Scale Experiments (SSSEs) of 21 hours duration. These experiments included: 1) functional groups, 2) hydrocarbon 
compounds, 3) alcohols and ethers, 4) aldehydes and ketones, 5) carboxylic acids, 6) esters, and 7) amines and amides. Fifty-one 
Grade 12 students at Khukhan School in Srisaket province of Thailand during the first academic semester of 2012 were 
purposively selected as participants. The data collected, included students’ learning achievement test scores of organic chemistry, 
learning retention scores 14 days after the implementation, and a survey of student satisfaction in learning inquiry-based SSSEs, 
were analyzed. The paired-samples t-test analysis indicated that the students obtained an average post-test score of learning 
achievement (mean 29.53, SD 2.98) statistically higher than that of the average pre-test score (mean 13.76, SD 1.98) at 0.05 level 
of significance. It also showed that the students’ average learning retention score (mean 28.82, SD 3.05) was not different from 
their post-test score of achievement at 0.05 level of significance. In addition, their satisfaction in learning inquiry-based SSSEs 
was at a ‘high’ level (mean 4.14, SD 0.33). It can be implied that the inquiry-based SSSEs were effective in the promotion of 
students’ learning as the students obtained high scores in the learning achievement and retention tests and were highly satisfied 
with the SSSEs. 
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1. Introduction 
Many high schools in Thailand have some limitations in the implementation of chemistry experiments in 
classrooms. For example, many experiments involve high cost, inadequate equipment, toxic chemicals, and the 
production of chemical waste, and are time consuming. As a result, many students graduate from high school with 
inadequate experimental experience and capability to do science. They also possess insufficient science process 
skills especially integrated skills. When these students enter a university, they lack confidence to carry out work in a 
chemistry laboratory. For this reason, small scale chemistry experiments have been developed and introduced to 
minimise the stated problems. This type of experiments has many advantages over traditional ones, for example, low 
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cost, minimal chemicals required, less use of toxic chemicals, and minimal waste produced (Martin & Gilbert, 
2011). 
Khukhan School in Srisaket province of Thailand has a few chemistry laboratory classrooms, while there are 
over a thousand high school students. These students have a chance to perform only a few experiments each 
semester. If some experiments can be implemented in a common classroom, they can be implemented more often 
and provide students with more opportunities to fulfil their experimental experience. Therefore, the authors 
introduced semi-small experiments scale based on 5E inquiry learning cycle for Grade 12 students at Khukhan 
School to enhance their learning achievement of organic chemistry as well as their satisfaction with learning 
chemistry. 
2. Literature review 
2.1. Small scale experiments in chemistry 
Small scale experiments were introduced in chemistry laboratories to minimise the high cost and amounts of 
chemicals, laboratory glassware and equipment requirements, high expense for waste disposal, and time-consuming 
activities. These experiments were sometimes called micro-scale or mini-scale experiments (Martin & Gilbert, 
2011). Although the scale of chemicals used in these experiments was minimised, the concepts of the experiments as 
well as necessary laboratory techniques and skills were still maintained (Martin & Gilbert, 2011). The conversion of 
regular to small scale experiments led to some educational benefits, such as small scale experiments introduced 
students to specific techniques that might be dangerous to be performed on a macro-scale, and reduce time for 
performing experiments (Zipp, 1989). They  are advocated in high school chemistry since they provide students with 
opportunities to perform experiments and practice techniques and skills no matter what stated constrains still exist. 
Therefore, small scale experiments have been gaining in popularity in many developed countries.  
As the experiments in this article may not have fully satisfied the small scale or microscale experiment features, 
the term “semi-small scale experiments” were introduced instead. 
2.2. 5E inquiry learning cycle 
The 5E inquiry learning cycle is one the effective approaches in learning chemistry and other science subjects. 
The learning cycle includes: 1) engagement – students are engaged in inquiry questions, 2) exploration – students 
explore their answer through science processes, 3) explanation – students formulate explanations from experimental 
results to answer the inquiry questions, 4) elaboration – students apply, elaborate, or extend their understanding to a 
new context, and 5) evaluation – students evaluate their performances in a variety of ways. Kipnis and Hofstein 
(2007) found that these 5E features effectively engaged students in active, meaningful learning which, in turn, 
enhanced their higher order cognitive skills and conceptual understanding (Balci et al., 2006). However, Deters 
(2004) discovered that inquiry was not being used by a number of high school chemistry teachers who explained 
that they understood the theory and concepts of inquiry but they lacked the concrete understanding and practice.  In 
Thailand, implementation of inquiry experiments has been advocated in high school chemistry in recent decades, it 
being verified as effective to enhance Thai high school students’ conceptual understanding in many chemistry 
topics, for example, chemical reaction rates (Lati et al., 2012), stoichiometry and related concepts (Dahsah & Coll, 
2008), and acid-base (Artdej et al., 2010).  
Since the features of small-scale experiments and inquiry-based learning cycle had advantages over traditional 
experiments, the authors believed that Semi-Small Scale Experiments (SSSEs) could successfully promote students’ 
learning achievement of organic chemistry. 
3. Research methodology 
3.1. Goals and objectives 
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The main goal of this study was to develop and implement inquiry-based SSSEs of organic chemistry for high 
school students. More specifically, the objectives of this study were to investigate: 1) students’ learning achievement 
of organic chemistry prior to and after the implementation of the inquiry-based SSSEs, 2) students’ learning 
retention score tested 14 days after the implementation, and 3) students’ satisfaction towards the inquiry-based 
SSSEs. 
3.2. Research tools 
3.2.1. Inquiry-based semi-small scale experiments of organic chemistry 
Seven inquiry-based SSSEs of organic chemistry (21 hours) were developed. These included: 1) functional 
groups, 2) hydrocarbon compounds, 3) alcohols and ethers, 4) aldehydes and ketones, 5) carboxylic acids, 6) esters, 
and 7) amines and amides. Each experiment was based on 5E inquiry learning cycle. Some commonly used 
chemicals in daily life were applied in these experiments. To meet some environmentally-friendly requirements, 
decreased amounts of chemicals were used and increased safety precautions were taken.  
3.2.2. Data collection tools 
There were two main data collection tools in this study: 
1. Achievement test of organic chemistry. The test consisted of 40 multiple-choice items, mainly higher order 
cognitive skill questions. The test items were selected from 60 items with an item difficulty (p) index between 0.31 
and 0.79, and a discrimination index (r) between 0.20 and 0.52 respectively. The reliability of the test calculated by 
the Kuder-Richardson formula 20 (KR-20) was 0.878. 
2. Questionnaire of students’ satisfaction towards the inquiry-based SSSEs of organic chemistry. The 
questionnaire consisted of 14 Likert-scale items categorised in three sections, students’ participation, students’ 
learning outcomes, and SSSEs’ features. There were five levels of satisfaction, 5, 4, 3, 2, and 1 that represented 
“very high”, “high”, “fair”, “poor”, and “very poor” satisfactions respectively. The reliability of the questionnaire 
calculated by the Kuder-Richardson formula 20 (KR-20) was 0.820. 
3.3. Implementation 
The participants of this study were 51 Grade 12/8 students purposively sampled from a population of 312 Grade 
12/7-12 students in science-mathematics at Khukhan School in Srisaket province of Thailand during the first 
semester of academic year 2011. These students participated in the following process:  
1) Completion of a pre-test of organic chemistry learning achievement and the pre-questionnaire of students’ 
satisfaction towards the inquiry-based SSSEs of organic chemistry 
2) Performance of seven inquiry-based SSSEs of organic chemistry (21 hours).  
3) Completion of a post-test of organic chemistry learning achievement and a post-questionnaire of students’ 
satisfaction towards the inquiry-based SSSEs of organic chemistry (parallel to the pre-test). 
4) Completion of a retention test of organic chemistry learning achievement 14 days after the finish of the 
implementation (parallel to the pre-test). 
3.4. Data analysis 
The collected data in this study included pre-, post-, and retention test scores of organic chemistry learning 
achievement, and the pre- and post-questionnaire rating scores of students’ satisfaction towards the inquiry-based 
SSSEs. Dependent-samples t-test analysis was performed to identify mean differences between the pre- and post-
scores and also between the post- and retention scores for the organic chemistry learning achievement test. The 
students’ satisfaction was calculated in the form of means and SDs. The means between 0.00-1.49, 1.50-2.49, 2.50-
3.49, 3.50-4.49, and 4.50-5.00 were categorised as “very poor”, “poor”, “fair”, “high” and “very high” satisfactions 
respectively. 
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4. Results and discussion 
The study results were categorized into two aspects: learning achievement and retention scores, and satisfaction 
towards learning with the SSSEs. 
4.1 Students’ learning achievement and retention scores of organic chemistry 
The dependent-samples t-test analysis indicated the students obtained a total average post-achievement score of 
organic chemistry (mean 29.53, SD 2.98) that was significantly higher than the total average pre-achievement score 
(mean 13.76, SD 1.98) at p-value less than 0.05, as the total average gain in content knowledge of organic chemistry 
was 15.77 (SD 2.99) or 39.42% (Table 1). More specifically, the post-achievement scores for each topic were 
statistically higher than the pre-achievement scores at p-value less than 0.05. There were high gains in the topics of 
hydrocarbon compounds (45.42%), functional groups (42.88%), amines and amines (42.33%), and aldehydes and 
ketones (42.00%). In these topics, the pre-test scores were low and fell between 24.33 to 30.83%. On the other hand, 
there were low gains in the topics of esters (32.40%), alcohols and ethers (30.60%), and carboxylic acids (30.25%). 
In these topics, the pre-test scores were high and fell between 34.20 to 51.50%. This verified that the 
implementation of SSSEs was effective to enhance students’ learning achievement of organic chemistry. 
Fourteen days after the implementation of SSSEs, the students completed the retention test and scores (mean 
28.82, SD 3.05) were slightly lower than the post-test score (mean 29.53, SD 2.98). However, the dependent-
samples t-test analysis identified that this decrease was not statistically different at a 0.05 level of significance. This 
indicated that the SSSEs effectively promoted students’ learning retention of organic chemistry. 
 
4.2) Students’ satisfaction towards learning with the inquiry-based semi-small scale experiments (SSSEs) 
 
The analysis of the questionnaire for students’ satisfaction towards learning with the SSSEs indicated that they 
were highly satisfied with the overall features of SSSEs (Table 2). More specifically, each section of the 
questionnaire, including students’ participation and interest, students’ learning outcomes, and SSSEs’ features, 
showed that the students were highly satisfied. For example, they agreed that they were engaged in high 
participation during these experiments and evaluation process, the SSSEs enhanced their learning experience 
additionally to a textbook, the findings from these experiments were applicable in daily life contexts, and these 
experiments met small scale experiment features, such as uses in daily life and less toxic chemicals. 
 
Table 2. Students’ satisfaction towards the inquiry-based semi-scale experiments of organic chemistry 
 
Table 1. Students’ learning achievement test scores of organic chemistry 
 
Topics Possible score 
Pre-test  Post-test  Gain  t-test 
mean SD %  mean SD %  mean SD %  t p 
1. Functional groups 8 2.33 0.52 29.13  5.76 0.84 72.00  3.43 0.83 42.88  28.68 <0.001 
2. Hydrocarbon compounds 12 3.70 0.88 30.83  9.14 1.11 76.17  5.45 1.10 45.42  35.26 <0.001 
3. Alcohols and ethers 5 2.41 0.50 48.20  3.94 0.58 78.80  1.53 0.70 30.60  15.54 <0.001 
4. Aldehydes and ketones 3 0.82 0.43 27.33  2.08 0.34 69.33  1.26 0.48 42.00  18.54 <0.001 
5. Carboxylic acids 4 2.06 0.54 51.50  3.27 0.53 81.75  1.21 0.58 30.25  15.06 <0.001 
6. Esters 5 1.71 0.54 34.20  3.33 0.55 66.60  1.62 0.66 32.40  17.55 <0.001 
7. Amines and amides 3 0.73 0.45 24.33  2.00 0.20 66.67  1.27 0.49 42.33  18.46 <0.001 
Total 40 13.76 1.98 34.40  29.53 2.98 73.83  15.77 2.99 39.42  47.30 <0.001 
 
 
Items mean SD Level of satisfaction 
A.   Students’ participation and interest    
1. You were engaged to have high participation during these experiments. 4.41 0.50 high 
2. I was free to plan and carry out these experiments. 4.29 0.50 high 
3. You were allowed to have participation during evaluation process. 4.33 0.62 high 
4. These experiments were interesting. 3.98 0.51 high 
5. These experiments enhanced your interest in doing chemistry experiments. 4.33 0.55 high 
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5. Conclusions and implications 
 
The findings of this study showed that the combination of the inquiry-based learning approach in SSSEs 
successfully enhanced students’ learning achievement of organic chemistry since their average post-achievement 
score was statistically higher than average pre-achievement score. It also promoted students’ learning retention as 
their retention score did not decrease statistically from their post-achievement score. In addition, the students were 
highly satisfied with learning by use of the SSSEs of organic chemistry. The SSSEs can decrease the quantity of 
chemicals used, reduce chemical waste generated, and apply household or daily life chemicals instead of high cost 
chemicals (Martin & Gilbert, 2011; Zipp, 1989). With these small scale features, the SSSEs decreased serious 
laboratory constraints and provided students with opportunities to perform important experiments in high school 
chemistry. Moreover, it was possible for students to conduct more trials under varying conditions. With the inquiry 
learning features, the SSSEs engaged students in inquiry questions and allowed them to explore their answer by 
using the SSSEs, explain their results, elaborate or apply their findings in a new context, and evaluate their 
understanding (Artdej et al., 2010; Balci et al., 2006; Dahsah & Coll, 2008; Lati et al., 2012). 
The study results may have implications that the use of chemistry experiments that involve small amounts instead 
of macro-scale chemicals and replacing unfamiliar and high costs with daily life chemicals could make students feel 
safe and confident in conducting experiments. Therefore, chemistry educators may consider the implementation of 
these small scale features twice a semester in their regular laboratory. In addition, the inquiry cycle should be used 
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